[Purpose] Handgrip strength is a surrogate indicator for assessing disease-related and age-related skeletal muscle loss. Clinical utility as such a surrogate can be at least partially explained by the close relationship between handgrip strength and whole-body skeletal muscle mass. The handgrip strength is related to hand muscle size. Thus, the present study examined whether hand muscle thickness is associated with whole-body skeletal muscle mass. [Subjects and Methods] Thirty healthy male adults participated in this study. All subjects were righthand dominant. Two muscle thicknesses (lumbrical and interosseous muscles) in the right hand were measured using ultrasonography. Whole-body and appendicular skeletal muscle masses were assessed using dual-energy X-ray absorptiometry.
INTRODUCTION
Handgrip strength is known to be a surrogate indicator for assessing the risk of various chronic diseases 1, 2) . Moreover, the handgrip strength can be valuable in predicting the prognosis of several chronic diseases [1] [2] [3] , particularly cardiovascular diseases 2) , because it can potentially reflect cachexia, which is disease-related skeletal muscle loss 4) . In addition, handgrip strength is among the criteria for assessing sarcopenia 5) , which is age-related skeletal muscle loss. Thus, handgrip strength can be clinically useful for evaluating whole-body skeletal muscle mass (SMM) in several populations 6, 7) , including older individuals and patients with chronic diseases.
The magnitude of handgrip strength is largely determined by the sizes of the intrinsic (i.e., hand muscles) and extrinsic (i.e., forearm muscles) muscles [8] [9] [10] [11] . A series by Abe et al. [8] [9] [10] [11] demonstrated that handgrip strength is related to forearm muscle size, which was assessed by muscle thickness (MT) measured using ultrasonography. Based on this relationship, they further determined that the forearm MTs, which measured from two parts (i.e., forearm radius and ulna MTs), correlated with whole-body SMM in older individuals 9, 11) , indicating that forearm MT measurement may be useful in evaluating wholebody SMM. However, Abe et al. 11) reported that although forearm MTs correlated with whole-body SMM in older men, this relationship did not apply to older women. Thus, the forearm MT measurement alone may be insufficient for evaluating whole-body SMM. In a recent study, Abe et al. 8) determined that hand MTs, which measured from lumbrical and interosseous muscles, correlated with handgrip strength in young individuals. Thus, it is hypothesized that hand MTs may be also useful in evaluating whole-body SMM; however, this relationship remains unknown. By clarifying this relationship in the present study, it may be possible to establish a new surrogate indicator for diagnosing cachexia and sarcopenia.
Appendicular SMM, which is defined as the sum of lean soft tissue mass of the arms and the legs, is widely used for identifying sarcopenia 12) . To compensable for the difference in body size among subjects, a height-adjusted whole-body or appendicular SMM index (SMMI) is also frequently used to assess sarcopenia 13) . With the potential for establish a new surrogate indicator for diagnosing cachexia and sarcopenia, the present pilot study examined whether hand MT is related to whole-body and appendicular SMM and SMMI in healthy adults.
SUBJECTS AND METHODS
Thirty healthy male adults (age, 22.1 ± 1.4 years; height, 172.1 ± 3.7 cm; weight, 67.1 ± 9.6 kg) participated in this study. Subjects were recreationally active, but did not include athletes of any specific sports, and had not habitually performed specific physical training. The subjects had no history of orthopedic injuries or previous surgery of the forearm and hand, and were free of any known neurologic, cardiovascular, or pulmonary disorders. All subjects were informed of the experimental procedures and potential risks and provided written consent to participate in the study. All procedures were approved by the Ethics Committee of Ritsumeikan University (BKC-IRB-2015-018).
All subjects were right-hand dominant. Handgrip strength of the right hand was measured using a handheld dynamometer (GRIP-D, Takei Scientific Instruments Co., Niigata, Japan). Subjects were instructed to maintain an upright standing position with arms straight. The size of the dynamometer's handle was set to that subjects felt comfortable while squeezing the grip. Subjects were allowed to perform a test trial prior to 2 maximal effort trials. Two maximal effort trials were performed for each 3 s with a 1-min rest period. If the difference between the two values was more than 5% of the highest value, additional trials were performed until this was collected. The highest value of the two, or more than two, was used for analysis.
Representative ultrasonographic images of the forearm and hand MTs are showed in Fig. 1 . The MTs of the right forearm and hand were measured using a B-mode ultrasonographic apparatus (SSD-3500SV; Aloka, Japan) with a linear scanner (scanning frequency; 7.5 MHz). The four MTs in the forearm (i.e., forearm radius and ulna MTs) and hand (i.e., lumbrical and interosseous MTs) were measured according to the method described in the previous studies [8] [9] [10] [11] . In brief, for measuring two forearm MTs, subjects were instructed to stand quietly with the elbow extended and relaxed. Two forearm MTs were measured as the perpendicular distances between the subcutaneous adipose tissue-muscle interface and muscle-bone interface of the radius (i.e., forearm radius MT) and ulna (i.e., forearm ulna MT) at the proximal 30% of the forearm length. For measuring two hand MTs, subjects were instructed to be seated with the forearm and hand supinated. Two hand MTs were measured as the distances between the superficial and deep muscle fascia interfaces of the lumbrical and interosseous muscles on the middle and ring fingers at proximal 55% of the anterior hand length. All four MTs in the forearm and hand were each measured twice, and the mean value of two measurements was used for analysis. To assess the variability and repeatability of measurements of the forearm and hand MTs obtained in the present study, the coefficient of variation and intraclass correlation coefficient were calculated. The coefficient of variation of the two measurements of all four MTs in the forearm and hand were 0.9 ± 0.6% for forearm radius MT, 0.5 ± 0.3% for forearm ulna MT, 1.6 ± 1.5% for lumbrical MT, and 1.1 ± 0.8% for interosseous MT, respectively. The intraclass correlation coefficient of the two measurements was 0.996 for forearm radius MT, 0.998 for forearm ulna MT, 0.991 for lumbrical MT, and 0.990 for interosseous MT, respectively. Additionally, we measured the intraclass correlation coefficient of all four MTs in the ages of the forearm and hand muscle thicknesses Panel A shows probe position for measurements of the forearm and hand muscle thicknesses. Forearm length was defined as the distance between the styloid process and the head of the radius. Hand length was defined as the distance between the palmar digital crease and flexion crease of the wrist. Panel B shows representative ultrasonographic images of the forearm and hand muscle thicknesses. Forearm muscle thicknesses were measured as the perpendicular distances between the subcutaneous adipose tissue-muscle interface and muscle-bone interface of the radius (i.e., forearm radius muscle thickness) and ulna (i.e., forearm ulna muscle thickness) at the proximal 30% of the forearm length. Hand muscle thicknesses were measured as the distances between the superficial and deep muscle fascia interfaces of the lumbrical and interosseous muscles on the middle and ring fingers at proximal 55% of the anterior hand length.
forearm and hand on two separate days in 11 healthy men (age, 23.2 ± 1.3 years; height, 171.4 ± 4.1 cm, weight: 68.4 ± 8.9 kg). The intraclass correlation coefficients of the measurements performed on two separate days was 0.978 for forearm radius MT, 0.981 for forearm ulna MT, 0.985 for lumbrical MT, and 0.977 for interosseous MT, respectively. The intraclass correlation coefficient for >0.9 is classified as excellent 14) . Thus, the measurements of the forearm and hand MTs obtained in the present study can be considered as reliable.
Whole-body and appendicular SMM and SMMI were assessed using dual-energy X-ray absorptiometry (Lunar Prodigy; GE Healthcare, Tokyo, Japan). Subjects lay in a supine position on examination table with their limbs close to the body. Whole-body scans were performed in accordance with the manufacturer's protocol. Whole-body SMM was divided as the sum of lean soft tissue mass of the whole-body, including the arms, legs, trunk, and head. Appendicular SMM was divided as the sum of lean soft tissue mass of the arms and legs. Whole-body and appendicular SMMI were calculated by using a body height to two square power 13) .
RESULTS
Mean values of body composition, handgrip strength, and forearm and hand MTs in subjects are listed in Table 1 . Handgrip strength was significantly correlated with forearm radius and ulna MTs (r=0.705 and 0.661, respectively). Moreover, handgrip strength was significantly correlated with lumbrical and interosseous MTs (r=0.485 and 0.567, respectively).
Correlation coefficients between body composition and hand grip strength and forearm and hand MTs are shown in Table 2 . Handgrip strength was significantly correlated with whole-body and appendicular SMM or SMMI (r=0.479-0.786). Similarly, forearm radius and ulna MTs were significantly correlated with whole-body and appendicular SMM or SMMI (r=0.448-0.565). Moreover, while a trend against such significant correlation was observed between lumbrical MT and whole-body SMM (r=0.362), it did not correlate with SMMI (r=0.305). However, lumbrical MT was significantly correlated with appendicular SMM and SMMI (r=0.434 and 0.403, respectively). Furthermore, interosseous MT was significantly correlated with whole-body and appendicular SMM or SMMI (r=0.410-0.483).
DISCUSSION
The present findings demonstrated that handgrip strength and forearm and hand MTs were correlated with whole-body and appendicular SMM or SMMI. In large clinical cross-sectional studies, it has been shown that handgrip strength is related to whole-body and appendicular SMM or SMMI in middle-aged and older individuals 6, 7) . Moreover, a series by Abe et al. 9, 11) determined that forearm MTs are related to whole-body and appendicular SMM or SMMI in middle-aged and older individuals. In the present study, we observed that handgrip strength and forearm MTs correlated with whole-body and appendicular SMM or SMMI in young individuals. However, to the best of our knowledge, the relationships between hand MTs and whole-body and appendicular SMM or SMMI had not determined prior to the present study. Thus, the primary findings in the present study were that hand MTs, particularly of the interosseous MT, are related to whole-body and appendicular SMM or SMMI.
The present findings showed that the correlations between handgrip strength and whole-body and appendicular SMM or SMMI in young men ranged from moderate to strong (r=0.48-0.79). In a large clinical cross-sectional study, Arden and Spector 6) reported that the correlation between handgrip strength and whole-body SMM in middle-aged and older women was lower (r=0.33) than that in the present study (r=0.48). Similarly, Rolland et al. 7) reported that the correlation between handgrip strength and appendicular SMM in older women was lower (r=0.24) than in the present study (r=0.70). Thus, compared with young individuals, the magnitude of handgrip strength in middle-aged and older individuals may be more affected by physiological and neurological factors (e.g., muscle recruitment and neural activation) than by morphological factors. Abe et al. 11) reported that the correlations between forearm MTs and whole-body SMM and SMMI in older men ranged from moderate to strong (r=0.49−0.56), which are similar to those of the present findings (r=0.45-0.54). Based on these findings, it indicates that forearm MTs may be useful in evaluating whole-body and appendicular SMM or SMMI. However, Abe et al. 11) reported that relationships between forearm MTs and whole-body SMM could be not obtained in older women, which had low correlations (r=0.28-0.38). Thus, forearm MT measurement alone may be insufficient for evaluating whole-body and appendicular SMM or SMMI. In the present study, we found moderate correlations between hand MTs and whole-body and appendicular SMM and SMMI (r=0.31−0.48); however, these correlations were less than those of handgrip strength (r=0.48-0.79) and forearm MTs (r=0.45−0.66). Therefore, to understand the potential clinical utility of hand MT measurement, further studies are needed to examine the relationship between hand MT and whole-body and appendicular SMM or SMMI in older people and patients with chronic diseases.
The present study measured MTs of the forearm and hand using ultrasonography. Previous studies have determined that MTs of the trunk and limbs measured using ultrasonography correlated with the muscle cross-sectional area or volume measured using magnetic resonance imaging 15, 16) . Ultrasonography can be utilized more easily than magnetic resonance imaging in the clinical setting because it is non-invasive, higher portability, lower cost, and provides faster feedback. Thus, ultrasonography-measured MT is known to be a useful parameter for evaluating muscle size. In addition, previous studies have reported that despite handgrip exercise was performed by a low-intensity (e.g., 30% of maximum voluntary contraction), blood pressure was significantly raised at 30 sec after the onset of this type of exercise 17, 18) . Although handgrip strength measurement is performed in a relatively shorter time (i.e., 3-5 sec), the blood pressure during this measurement may be remarkably raised because maximal voluntary force output is required. Moreover, because older people and patients with chronic disease have mostly hypertension 19) , the increased blood pressure during handgrip in these individuals may be naturally higher than that in younger individuals 20) . Therefore, handgrip strength measurement may be associated with a slightly increased risk of cardiovascular events in older people and patients with chronic disease. Furthermore, because maximal voluntary force output is often affected by physiological and neuromuscular factors, the magnitude of handgrip strength is determined based on several factors in addition to morphological factors 10) .
In conclusion, the present study demonstrated that hand MT, in addition to handgrips strength and forearm MT, is related to whole-body and appendicular SMM and SMMI in healthy adults. Therefore, we suggest that despite being smaller than other limb muscles, hand MT may be useful as a possible surrogate indicator for assessing sarcopenia and cachexia.
